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TITLE OF THE INVENTION 

Digital Matched Filter Despreading Received Signal and Mobile 
Wireless Terminal Using Digital Matched Filter 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a digital matched filter and a mobile 
wireless terminal employing the digital matched filter. In particular, the 
invention relates to a digital matched filter to perform despreading at the 
receiving end in a direct sequence spread spectrum communication system 
as well as a mobile wireless terminal including such a digital matched filter. 
Description of the poumi Art 



In digital radio communication like that of CDMA (Code Division 
Multiple Access) system, for example, direct sequence spread spectrum 
communication system has conventionally been employed. In the direct 
sequence spread spectrum communication system, digital transmission data 
is scrambled by a spreading code sequence specific to each user and then 
transmitted, and the receiving end descrambles the received digital data by 
a despreading code sequence. 

At the transmitting end of the digital radio communication using 
such direct sequence spread spectrum communication system, a spreading 
unit is provided for generating a spreading code sequence to scramble digital 
transmission data. At the receiving end, a despreading unit is provided for 
generating a replica signal of the spreading code sequence to descramble 
received digital data. 

This direct sequence spread spectrum communication system 
requires the timing of generating a spreading code at the receiving end to be 
synchronized with the timing of generating a spreading code at the 
transmitting end. 

Fig. 14 is a schematic block diagram showing a basic structure of a 
transmitter and a receiver in the direct sequence spread spectrum 
communication system as discussed above. 

Referring to Fig. 14, the direct sequence spread spectrum 
communication system is basically constituted of transmitter 60 and 
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receiver 65. 

In transmitter 60, an original signal to be transmitted is supplied to 
a primary modulator 61 to narrow the bandwidth of the signal in terms of 
effective use of radio waves. 
5 An output of primary modulator 6 1 is supplied to a spreading unit 62 

to be spread, i.e., scrambled (secondary modulation) by a spreading code 
sequence supplied from a spreading code generating unit (not shown) 
provided therein. 

An output of spreading unit 62 is processed as required for radio 
10 communication by a transmission circuit (not shown) and then transmitted 
via an antenna 63. 

The signal transmitted from antenna 63 is received by an antenna 
64 of receiver 65 to be processed by a reception circuit (not shown) as 
required for radio reception and then supplied to a despreading unit 66. 
m 15 Despreading unit 66 despreads, i.e., descrambles the received signal 

f by a replica signal synchronized with the spreading code sequence at the 

fy transmitting end, that is supplied from a spreading code generating unit 

rU. (not shown) provided therein. 

J^j The original signal is thus derived from despreading unit 66 and 

B 20 demodulated by a demodulating unit 67. 

In order to achieve despreading at the receiver side in synchronism 
with the transmitter side, despreading unit 66 at the receiver side must shift 
the spreading code sequence of the receiver side to eliminate timing 
difference between the spreading code sequence at the receiver and that at 
25 the transmitter and accordingly establish initial synchronism with the 
spreading code sequence of the transmitter side. 

Fig. 15 is a schematic block diagram showing a conventional initial 
synchronizing circuit for accomplishment of such initial synchronism and its 
control circuit. 

30 Initial synchronizing circuit 70 and control circuit 80 shown in Fig. 

15 are included in despreading unit 66 in Fig. 14. Initial synchronizing 
circuit 70 includes a digital matched filter 71, a cyclic integration unit 72 
and a synchronism acquisition decision unit 73. 
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tal matched filter 71 is employed because of its superior peak 
detection speed^r^correlation value between a received signal and a 
spreading code. The digitaTiittrtdi^dfilter is discussed in detail for 
example by Tajika in "Digital Matched FnteTTSChnniue in Spread Spectrum 
Communication and its Problems," IEICE Technical Report SST 62-21. 

Digital matched filter 71 calculates a correlation value between a 
received input signal and a replica signal of the spreading code sequence 
generated therein to output the resultant value as a despread signal. The 
despread signal thus output is supplied to demodulating unit 67 in Fig. 14 
as well as cyclic integration unit 72. Details of the structure and operation 
of conventional digital matched filter 71 are discussed later. 

It is noted that the spreading code sequence is formed of spreading 
codes repeated in a certain repetition period and this repetition period of the 
spreading codes is hereinafter referred to "frame." 

Cyclic integration unit 72 determines an integral of correlation 
values supplied from digital matched filter 71 over a period of several frames 
of a spreading code sequence to average the correlation values, in order to 
eliminate noise and improve accuracy of detecting the peak value of the 
correlation values. 

Here, the energy of a received signal per one bit of information is 
represented by Eb and the density of noise and interference signals per 1 Hz 
is represented by No. If Eb/N Q indicates a large value, it means that the 
energy of the received signal is relatively high, so that the peak value of 
correlation values in each frame is easily detected. However, if Eb/N 0 is 
small, it means a relatively low energy of the received signal and thus 
detection is difficult of the peak value of correlation values as they are in 
each frame. 

Then, the accuracy of peak detection of correlation values can be 
improvednSj^av^raging correlation values of multiple frames even if Eb/No is 
small. A digital matched filter using this cyclic integration is discussed in 
detail, for example, by Tajilca^t^n "DS/GMSK/PSK System Using Four- 
Phase Correlator and Spread SpectrunT&emijdulation LSI," IEICE 
Technical Report SST96-26. 
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Referring again to Fig. 15, the integral of the correlation values 
determined by cyclic integration unit 72 is supplied to synchronism 
acquisition decision unit 73. Synchronism acquisition decision unit 73 
decides whether the supplied integral of the correlation values is greater 
5 than a threshold value set therein in advance. 

Specifically, if the peak of correlation values resultant from the 
averaging exceeds the threshold value, a signal indicating this (e.g. "1") is 
supplied to control unit 80. If there is no correlation value peak exceeding 
the threshold value, a signal indicating this (e.g. "0") is supplied to control 
„ 10 unit 80. 

o3 If a signal "1" is supplied from synchronism acquisition decision unit 

12 73, control unit 80 finds that the phase difference between respective 

Lfl spreading code sequences of the transmitter and the receiver is within an 

if error corresponding to "a fraction of operating frequency of digital matched 

ff, 15 filter 71" namely that rough synchronism is accomplished, and accordingly 
= controls timing of generating a spreading code sequence by digital matched 

|=55 

kj filter 71 such that the spreading code sequence generation timing for 

fU despreading is maintained. 

zJ If a signal "0" is supplied from synchronism acquisition decision unit 

i=i 

O 20 73, control unit 80 finds that the phase difference between respective 

spreading code sequences of the transmitter and the receiver is greater than 
the error corresponding to "a fraction of operating frequency of digital 
matched filter 71" namely that rough synchronism is not achieved, and then 
controls generation timing of a spreading code sequence by digital matched 

25 filter 71 such that the generation timing of a spreading code sequence for 
despreading is shifted to establish rough synchronism. The timing of 
generating spreading codes is controlled more specifically by rewriting a 
spreading code register value (tap coefficient) or updating a received signal 
storage register value. 

30 Control unit 80 monitors output of synchronism acquisition decision 

circuit 73 even after the rough synchronism is established so as to control 
spreading code sequence generation timing by digital matched filter 71 and 
accordingly maintain the rough synchronism. In this way, the initial 
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synchronism is achieved. 

The structure and operation of digital matched filter 71 shown in Fig. 

15 are now described in detail below. 

Fig. 16 is a block diagram showing a structure of a transversal filter 
5 as one example of digital matched filter 71. Referring to Fig. 16, in the 

structure of a spreading code replica generator 71a, an initial value specific 
to the system is set in a shift register (not shown) having a structure based 
on a predetermined generating polynomial, shifting operation is performed a 
predetermined number of times based on the initial value, and then 
n 10 resultant codes are output successively as a spreading code sequence known 
yj to the transmitter and receiver sides. 

Chips corresponding to one frame of spreading codes generated by 
iji spreading code replica generator 71a are input to a spreading code register 

for input 71b at a chip rate of the spreading codes and then stored therein. 
J 15 The chips corresponding to one frame of spreading codes stored in input 
s spreading code register 71b are transferred to a spreading code register for 

hi operation 71c and stored therein. 

flJ O n the other hand, a received signal formed of samples each 

quantized to n-bit (n is an integer satisfying n ^ 1) is oversampled at an 

5 20 oversampling rate which is M times (M is an integer satisfying M & 1) as 

high as the chip rate of spreading codes and supplied in time-series manner 
to a received signal storage register 7 Id. In this register, received signal 
samples having a code length corresponding to M times the number of chips 
corresponding to one frame of spreading codes (hereinafter referred to as a 
25 spreading code length) are successively stored. The example shown in Fig. 

16 is applied to M=2 for the purpose of simplifying description. 

There is a received signal sequence that includes samples with the 
number thereof two times the spreading code length and is stored in 
received signal storage register 7 Id which is a shift register. Samples held 
30 in every other stages beginning from the initial stage (odd number stages) 
are output at a certain timing in parallel (tap outputs) each supplied to one 
input of a corresponding one of multipliers constituting a multiplying unit 
71e. 
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The chips corresponding to one frame of spreading codes stored in 
operation spreading code register 71c are output in parallel (tap coefficients) 
each supplied to the other input of a corresponding one of multipliers 
constituting multiplying unit 71e. 
5 Respective outputs of all multipliers constituting multiplying unit 

71e are summed by an adding unit 7 If and the resultant value is output as a 
correlation value at this time. 

Subsequent sample of a received signal sequence is input at the next 
timing in received signal storage register 7 Id, and the samples held in 
10 respective stages are each shifted to the next stage. At this timing, those 
samples (tap outputs) held in the odd number stages of shift register 71d are 
^ multiplied in multiplying unit 71e by the chips (tap coefficients) 

in corresponding to one frame of spreading codes that are fixed in shift register 

*0 71c, and the sum of resultant values is calculated by adding unit 7 If to be 

^ 15 output as a correlation value. 

In this digital matched filter 71 shown in Fig. 16, received signal 
samples are input to received signal storage register 7 Id at the sampling 
rate two times the chip rate of spreading codes, and samples in every other 
stages are used as tap outputs for calculating the correlation value. Every 
20 time subsequent sample is input and the sample in each stage is shifted, the 
correlation value calculation is performed. Therefore, all samples of input 
and received signals that are oversampled are used for the correlation value 
calculation. 

It is noted that the number of chips of spreading codes stored in 
25 operation spreading code register 71c may not the spreading code length 
corresponding to one frame. In other words, even if spreading codes 
forming one frame are partially used, received signal samples corresponding 
to that number of chips may be used for calculating the correlation value. 
Then, the peak indicates the synchronism position so that acquisition of the 
30 synchronism position is possible by product-sum operation of partial codes. 

In this case, correlation value calculation can be continued by fixing 
a part of the spreading codes of one frame in operation spreading code 
register 71c while remaining spreading codes of that one frame are stored in 
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input spreading code register 71b so as to replace the spreading codes in 
register 71c with those in register 71b as required. 

In the conventional digital matched filter shown in Fig. 16, every 
time each sample of a received signal sequence is input to received signal 
storage register 7 Id at the oversampling rate, in other words, for all received 
signal samples temporarily stored in register 7 Id, multiplying unit 71e and 
adding unit 7 If perform the product-sum operation for received signals and 
spreading codes. A problem here is thus a remarkable increase in power 
consumption by the entire digital matched filter since many logic circuits 
operate each time the product-sum operation is performed. 

Further, in the conventional digital matched filter in Fig. 16, 
received signal storage register 7 Id holds a received signal with the number 
of samples M times the spreading code length, and the register is 
accordingly constituted of a shift register having a numerical number of 
stages, resulting in increase in power consumption due to successive shifting 
operation for data samples. 

A digital matched filter proposed accordingly is disclosed for 
example in Japanese Patent Laying-Open No. 10-285079. The proposed 
digital matched filter includes a received signal storage register constituted 
of a plurality of registers provided in parallel with respect to an input and 
received signal instead of the shift register, and samples of a received signal 
sequence supplied in time-series manner are cyclically written at a 
predetermined timing into the registers. 

However, in the digital matched filter having the structure as 
described above, the received signal samples that are input are supplied 
commonly to the registers provided in parallel with respect to the input 
received signal. As a result, sample data is input to a register not at a 
correct write timing. Even if a register is not at the write timing and not 
activated, that register consumes power if it receives any signal. Therefore, 
even if such a digital matched filter does not employ the shift register, the 
consumption power as a whole increases. 

A further problem is that circuits 71e and 7 If for performing the 
product-sum operation for received signals input at the oversampling rate 



and spreading codes operate at a remarkably high operating frequency and 
consequently these circuits consume increased power resulting in increase 
in the consumption power of the entire digital matched filter. 
SUMMAEY OF THE INVENTION 

An object of the present invention is therefore to provide a digital 
matched filter consuming less power while maintaining accuracy of peak 
detection for a correlation value between a received signal and spreading 
codes, as well as a mobile wireless terminal employing such a digital 
matched filter. 

Another object of the invention is to provide a digital matched filter 
implementing reduction of power consumption in those circuits for 
calculating a correlation value, by performing all product-sum operations 
only when a correlation value between a received signal and spreading codes 
could be the peak value, as well as a mobile wireless terminal employing 
such a digital matched filter. 

Still another object of the invention is to provide a digital matched 
filter implementing reduction of power consumption in parallel registers 
that constitute a received signal storage register by masking respective 
inputs of registers except for registers at the correct write timing, as well as 
a mobile wireless terminal employing such a digital matched filter. 

A further object of the invention is to provide a digital matched filter 
implementing reduction in power consumption by providing a plurality of 
correlation value calculating circuits in parallel so as to reduce the operating 
frequency of each correlation value calculating circuit, as well as a mobile 
wireless terminal employing such a digital matched filter. 

The present invention is a digital matched filter for despreading on 
the receiving side a received signal sequence that has been spread on the 
transmitting side. The digital matched filter includes a received signal 
holding unit, a spreading code generating unit, and a correlation value 
calculating unit. The received signal holding unit successively holds a 
predetermined number of samples among samples constituting the received 
signal sequence input in time-series manner. The spreading code 
generating unit generates a spreading code sequence for the despreading 



process. The correlation value calculating unit calculates a correlation 
value between the predetermined number of samples held in the received 
signal holding unit and the generated spreading code sequence. The 
correlation value calculating unit includes a first product-sum calculating 
5 unit for calculating a correlation value between a part of the predetermined 
number of samples held in the received signal holding unit and spreading 
codes corresponding to that part of samples in the generated spreading code 
sequence, a second product-sum calculating unit for calculating a correlation 
value between the rest of samples of the predetermined number of samples 
_ 10 held in the received signal holding unit and spreading codes corresponding 
<5 to the rest of samples in the generated spreading code sequence, and a 

"^f decision unit for deciding whether the correlation value output from the first 

ijh product-sum calculating unit exceeds a predetermined threshold value to 

*S stop calculation by the second product-sum calculating unit when the 

~ 15 decision unit decides that the correlation value output from the first 

product-sum calculating unit does not exceed the predetermined threshold 
value. 

According to another aspect of the invention, a digital matched filter 
for despreading on the receiving side a received signal sequence that has 
20 been spread on the transmitting side includes a received signal holding unit 
for successively holding samples constituting the received signal sequence 
input in time-series manner. The received signal holding unit includes a 
predetermined number of storage circuits for holding in parallel samples in 
the predetermined number of the received signal sequence input in time- 
25 series manner, logic circuits in the predetermined number provided at 

respective preceding stages of the predetermined number of storage circuits, 
the logic circuits each activated to pass an input signal to a corresponding 
one of the storage circuits and mask the input signal otherwise, a first 
control unit for cyclically causing write enable state of the predetermined 
30 number of storage circuits at predetermined timing to cyclically write the 

samples of the received signal sequence input in time-series manner into the 
predetermined number of storage circuits at the predetermined timing, and 
a second control unit for cyclically activating the predetermined number of 
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logic circuits at the predetermined timing to cyclically input the samples of 
the received signal sequence input in time-series manner to the 
predetermined number of storage circuits at the predetermined timing. 
The digital matched filter further includes a spreading code generating unit 
for generating a spreading code sequence for the despreading process, and a 
correlation value calculating unit for calculating a correlation value between 
the samples of the received signal sequence held in parallel in the 
predetermined number of storage circuits and the spreading code sequence. 

Preferably, the predetermined number of logic circuits each have a 
load capacitance smaller than a load capacitance of each of the 
predetermined number of storage circuits. 

According to still another aspect of the invention, a digital matched 
filter for despreading on the receiving side a received signal sequence that 
has been spread on the transmitting side includes a received signal holding 
unit, a spreading code generating unit, correlation value calculating units in 
a second predetermined number, and an output control unit. The received 
signal holding unit successively holds a first predetermined number of 
samples among samples constituting the received signal sequence input in 
time-series manner. The first predetermined number of samples held are 
divided into the second predetermined number of groups. The spreading 
code generating unit generates a spreading code sequence for the 
despreading process. The correlation value calculating units in the second 
predetermined number are provided respectively corresponding to the 
second predetermined number of groups each for calculating a correlation 
value between samples of a corresponding group and the spreading code 
sequence. The output control unit successively outputs in time-series 
manner respective correlation values supplied from the second 
predetermined number of correlation value calculating units as correlation 
values output from one system. 

According to a further aspect of the invention, a digital matched 
filter for despreading on the receiving side a received signal sequence that 
has been spread on the transmitting side includes a received signal holding 
unit for successively holding samples constituting the received signal 



- 10 - 




sequence input in time-series manner. The received signal holding unit 
includes a predetermined number of storage circuits for holding in parallel 
samples in the predetermined number of the received signal sequence input 
in time-series manner, logic circuits in the predetermined number provided 
5 at respective preceding stages of the predetermined number of storage 
circuits, the logic circuits each activated to pass an input signal to a 
corresponding one of the storage circuits and mask the input signal 
otherwise, a first control unit for cyclically causing write enable state of the 
predetermined number of storage circuits at predetermined timing to 
n 10 cyclically write the samples of the received signal sequence input in time- 
* series manner into the predetermined number of storage circuits at the 

j= predetermined timing, and a second control unit for cyclically activating the 

U1 predetermined number of logic circuits at the predetermined timing to 

% cyclically input the samples of the received signal sequence input in time- 

gl 15 series manner to the predetermined number of storage circuits at the 
s predetermined timing. The digital matched filter further includes a 

ry spreading code generating unit for generating a spreading code sequence for 

[lj the despreading process, and a correlation value calculating unit for 

q calculating a correlation value between the samples of the received signal 

□ 20 sequence held in parallel in the predetermined number of storage circuits 
and the spreading code sequence. The correlation value calculating unit 
includes a first product-sum calculating unit for calculating a correlation 
value between a part of samples held in the predetermined number of 
storage circuits and spreading codes corresponding to that part of samples in 
25 the generated spreading code sequence, a second product-sum calculating 
unit for calculating a correlation value between the rest of samples held in 
the predetermined number of storage circuits and spreading codes 
corresponding to the rest of samples in the generated spreading code 
sequence, and a decision unit for deciding whether the correlation value 
30 output from the first product-sum calculating unit exceeds a predetermined 
threshold value to stop calculation by the second product-sum calculating 
unit when the decision unit decides that the correlation value output from 
the first product-sum calculating unit does not exceed the predetermined 
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threshold value. 

Preferably, the predetermined number of logic circuits each have a 
load capacitance smaller than a load capacitance of each of the 
predetermined number of storage circuits. 

According to a further aspect of the invention, a digital matched 
filter for despreading on the receiving side a received signal sequence that 
has been spread on the transmitting side includes a received signal holding 
unit for successively holding samples constituting the received signal 
sequence input in time-series manner. The received signal holding unit 
includes a first predetermined number of storage circuits for holding in 
parallel samples in the first predetermined number of the received signal 
sequence input in time-series manner, the first predetermined number of 
storage circuits being divided into a second predetermined number of groups, 
logic circuits in the first predetermined number provided at respective 
preceding stages of the first predetermined number of storage circuits, the 
logic circuits each activated to pass an input signal to a corresponding one of 
the storage circuits and mask the input signal otherwise, a first control unit 
for cyclically causing write enable state of the first predetermined number of 
storage circuits at predetermined timing to cyclically write the samples of 
the received signal sequence input in time-series manner into the first 
predetermined number of storage circuits at the predetermined timing, and 
a second control unit for cyclically activating the first predetermined 
number of logic circuits at the predetermined timing to cyclically input the 
samples of the received signal sequence input in time-series manner to the 
first predetermined number of storage circuits at the predetermined timing. 
The digital matched filter further includes a spreading code generating unit 
for generating a spreading code sequence for the despreading process and 
correlation value calculating units in the second predetermined number 
provided respectively corresponding to the second predetermined number of 
groups each for calculating a correlation value between samples held in 
parallel in storage circuits of a corresponding group and the spreading code 
sequence. The second predetermined number of correlation value 
calculating units each include a first product-sum calculating unit for 
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calculating a correlation value between a part of samples held in the storage 
circuits of the corresponding group and spreading codes corresponding to 
that part of samples in the generated spreading code sequence, a second 
product-sum calculating unit for calculating a correlation value between the 
rest of samples held in the storage circuits of the corresponding group and 
spreading codes corresponding to the rest of samples in the generated 
spreading code sequence, and a decision unit for deciding whether the 
correlation value output from the first product-sum calculating unit exceeds 
a predetermined threshold value to stop calculation by the second product- 
sum calculating unit when the decision unit decides that the correlation 
value output from the first product-sum calculating unit does not exceed the 
predetermined threshold value. The digital matched filter further includes 
an output control unit for successively outputting in time-series manner 
respective correlation values output from the second predetermined number 
of correlation value calculating units as correlation values output from one 
system. 

Preferably, the predetermined number of logic circuits each have a 
load capacitance smaller than a load capacitance of each of the 
predetermined number of storage circuits. 

According to a further aspect of the invention, a mobile wireless 
terminal for digital radio communication includes a reception-related 
modem unit for demodulating received digital data and a signal processing 
unit for processing a signal received by the reception -related modem unit to 
output the processed signal. The reception-related modem unit includes a 
digital matched filter for despreading on the reception side a received signal 
sequence that has been spread on the transmission side. The digital 
matched filter includes a received signal holding unit, a spreading code 
generating unit, and a correlation value calculating unit. The received 
signal holding unit successively holds a predetermined number of samples 
among samples constituting the received signal sequence input in time- 
series manner. The spreading code generating unit generates a spreading 
code sequence for the despreading process. The correlation value 
calculating unit calculates a correlation value between the predetermined 
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number of samples held in the received signal holding unit and the 
generated spreading code sequence. The correlation value calculating unit 
includes a first product-sum calculating unit for calculating a correlation 
value between a part of the predetermined number of samples held in the 
received signal holding unit and spreading codes corresponding to that part 
of samples in the generated spreading code sequence, a second product-sum 
calculating unit for calculating a correlation value between the rest of 
samples of the predetermined number of samples held in the received signal 
holding unit and spreading codes corresponding to the rest of samples in the 
generated spreading code sequence, and a decision unit for deciding whether 
the correlation value output from the first product-sum calculating unit 
exceeds a predetermined threshold value to stop calculation by the second 
product-sum calculating unit when the decision unit decides that the 
correlation value output from the first product-sum calculating unit does not 
exceed the predetermined threshold value. 

According to a further aspect of the invention, a mobile wireless 
terminal for digital radio communication includes a reception-related 
modem unit for demodulating received digital data and a signal processing 
unit for processing a signal received by the reception-related modem unit to 
output the processed signal. The reception-related modem unit includes a 
digital matched filter for despreading on the reception side a received signal 
sequence that has been spread on the transmission side. The digital 
matched filter includes a received signal holding unit for successively 
holding samples constituting the received signal sequence input in time- 
series manner. The received signal holding unit includes a predetermined 
number of storage circuits for holding in parallel samples in the 
predetermined number of the received signal sequence input in time-series 
manner, logic circuits in the predetermined number provided at respective 
preceding stages of the predetermined number of storage circuits, the logic 
circuits each activated to pass an input signal to a corresponding one of the 
storage circuits and mask the input signal otherwise, a first control unit for 
cyclically causing write enable state of the predetermined number of storage 
circuits at predetermined timing to cyclically write the samples of the 
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received signal sequence input in time-series manner into the 
predetermined number of storage circuits at the predetermined timing, and 
a second control unit for cyclically activating the predetermined number of 
logic circuits at the predetermined timing to cyclically input the samples of 
5 the received signal sequence input in time-series manner to the 

predetermined number of storage circuits at the predetermined timing. 
The digital matched filter further includes a spreading code generating unit 
for generating a spreading code sequence for the despreading process and a 
correlation value calculating unit for calculating a correlation value between 

q 10 the samples of the received signal sequence held in parallel in the 

jQ predetermined number of storage circuits and the spreading code sequence. 

Preferably, the predetermined number of logic circuits each have a 

Ul load capacitance smaller than a load capacitance of each of the 

^ predetermined number of storage circuits. 

En 15 According to a further aspect of the invention, a mobile wireless 

terminal for digital radio communication includes a reception-related 
jjy modem unit for demodulating received digital data and a signal processing 

[U unit for processing a signal received by the reception-related modem unit to 

S= output the processed signal. The reception-related modem unit includes a 

O 20 digital matched filter for despreading on the reception side a received signal 
sequence that has been spread on the transmission side. The digital 
matched filter includes a received signal holding unit, a spreading code 
generating unit, correlation value calculating units in a second 
predetermined number, and an output control unit. The received signal 
25 holding unit successively holds a first predetermined number of samples 
among samples constituting the received signal sequence input in time- 
series manner, the first predetermined number of samples held being 
divided into groups in the second predetermined number. The spreading 
code generating unit generates a spreading code sequence for the 
30 despreading process. The correlation value calculating units in the second 
predetermined number are provided respectively corresponding to the 
second predetermined number of groups, each for calculating a correlation 
value between samples of a corresponding group and the spreading code 
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sequence. The output control unit successively outputs in time-series 
manner respective correlation values output from the second predetermined 
number of correlation value calculating units as correlation values output 
from one system. 

According to a further aspect of the invention, a mobile wireless 
terminal for digital radio communication includes a reception-related 
modem unit for demodulating received digital data and a signal processing 
unit for processing a signal received by the reception-related modem unit to 
output the processed signal. The reception-related modem unit includes a 
digital matched filter for despreading on the reception side a received signal 
sequence that has been spread on the transmission side. The digital 
matched filter includes a received signal holding unit for successively 
holding samples constituting the received signal sequence input in time- 
series manner. The received signal holding unit includes a predetermined 
number of storage circuits for holding in parallel samples in the 
predetermined number of the received signal sequence input in time-series 
manner, logic circuits in the predetermined number provided at respective 
preceding stages of the predetermined number of storage circuits, the logic 
circuits each activated to pass an input signal to a corresponding one of the 
storage circuits and mask the input signal otherwise, a first control unit for 
cyclically causing write enable state of the predetermined number of storage 
circuits at predetermined timing to cyclically write the samples of the 
received signal sequence input in time-series manner into the 
predetermined number of storage circuits at the predetermined timing, and 
a second control unit for cyclically activating the predetermined number of 
logic circuits at the predetermined timing to cyclically input the samples of 
the received signal sequence input in time-series manner to the 
predetermined number of storage circuits at the predetermined timing. 
The digital matched filter further includes a spreading code generating unit 
for generating a spreading code sequence for the despreading process and a 
correlation value calculating unit for calculating a correlation value between 
the samples of the received signal sequence held in parallel in the 
predetermined number of storage circuits and the spreading code sequence. 
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The correlation value calculating unit includes a first product-sum 
calculating unit for calculating a correlation value between a part of samples 
held in the predetermined number of storage circuits and spreading codes 
corresponding to that part of samples in the generated spreading code 
5 sequence, a second product-sum calculating unit for calculating a correlation 
value between the rest of samples held in the predetermined number of 
storage circuits and spreading codes corresponding to the rest of samples in 
the generated spreading code sequence, and a decision unit for deciding 
whether the correlation value output from the first product-sum calculating 

10 unit exceeds a predetermined threshold value to stop calculation by the 

second product-sum calculating unit when the decision unit decides that the 
correlation value output from the first product-sum calculating unit does not 
exceed the predetermined threshold value. 

Preferably, the predetermined number of logic circuits each have a 

15 load capacitance smaller than a load capacitance of each of the 
predetermined number of storage circuits. 

According to a further aspect of the invention, a mobile wireless 
terminal for digital radio communication includes a reception-related 
modem unit for demodulating received digital data and a signal processing 

20 unit for processing a signal received by the reception-related modem unit to 
output the processed signal. The reception-related modem unit includes a 
digital matched filter for despreading on the reception side a received signal 
sequence that has been spread on the transmission side. The digital 
matched filter includes a received signal holding unit for successively 

25 holding samples constituting the received signal sequence input in time- 
series manner. The received signal holding unit includes a first 
predetermined number of storage circuits for holding in parallel samples in 
the first predetermined number of the received signal sequence input in 
time-series manner, the first predetermined number of storage circuits 

30 being divided into a second predetermined number of groups, logic circuits 
in the first predetermined number provided at respective preceding stages of 
the first predetermined number of storage circuits, the logic circuits each 
activated to pass an input signal to a corresponding one of the storage 
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circuits and mask the input signal otherwise, a first control unit for 
cyclically causing write enable state of the first predetermined number of 
storage circuits at predetermined timing to cyclically write the samples of 
the received signal sequence input in time-series manner into the first 
5 predetermined number of storage circuits at the predetermined timing, and 
a second control unit for cyclically activating the first predetermined 
number of logic circuits at the predetermined timing to cyclically input the 
samples of the received signal sequence input in time-series manner to the 
first predetermined number of storage circuits at the predetermined timing. 
P 10 The digital matched filter further includes a spreading code generating unit 
j0 for generating a spreading code sequence for the despreading process, and a 

jjjj correlation value calculating units in the second predetermined number 

Ul provided respectively corresponding to the second predetermined number of 

^ groups each for calculating a correlation value between samples held in 

31 15 parallel in storage circuits of a corresponding group and the spreading code 
5 sequence. The second predetermined number of correlation value 

fU calculating units each include a first product-sum calculating unit for 

fU calculating a correlation value between a part of samples held in the storage 

« circuits of the corresponding group and spreading codes corresponding to 

Q 20 that part of samples in the generated spreading code sequence, a second 

product-sum calculating unit for calculating a correlation value between the 
rest of samples held in the storage circuits of the corresponding group and 
spreading codes corresponding to the rest of samples in the generated 
spreading code sequence, and a decision unit for deciding whether the 
25 correlation value output from the first product-sum calculating unit exceeds 
a predetermined threshold value to stop calculation by the second product- 
sum calculating unit when the decision means decides that the correlation 
value output from the first product-sum calculating unit does not exceed the 
predetermined threshold value. The digital matched filter further includes 
30 an output control unit for successively outputting in time-series manner 

respective correlation values output from the second predetermined number 
of correlation value calculating units as correlation values output from one 
system. 
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Preferably, the first predetermined number of logic circuits each 
have a load capacitance smaller than a load capacitance of each of the first 
predetermined number of storage circuits. 

According to the present invention as discussed above, all product- 
5 sum calculations for determining correlation values are performed only 

when there is a possibility that a correlation value between a received signal 
and spreading codes has the peak value. Otherwise, the product-sum 
calculations are just partially performed. In this way, power consumption 
of a product-sum calculating circuit for determining a correlation value can 
p 10 be reduced remarkably. 

jO In addition, according to the invention, it is possible to prevent 

JS power consumption due to unnecessary signal input to any register of 

Ul parallel registers that is not at write timing, by masking input to the 

/5 register except for those registers at the actual write timing. 

Cn 15 Further, according to the invention, it is possible to reduce power 

J\ consumption for calculation of correlation values, by providing a plurality of 

ry product-sum calculating circuits for determining correlation values in 

FU parallel corresponding to a plurality of groups of received signal samples. 

=L" The foregoing and other objects, features, aspects and advantages of 

O 20 the present invention will become more apparent from the following detailed 

description of the present invention when taken in conjunction with the 

accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic block diagram showing the entire structure of a 
25 mobile wireless terminal for digital radio communication to which a digital 
matched filter according to the present invention is applied. 

Fig. 2 is a schematic block diagram showing the digital matched 
filter according to a first embodiment of the invention that is applied to the 
mobile wireless terminal shown in Fig. 1. 
30 Fig. 3 is a block diagram showing in detail a structure of a received 

signal holding unit 12. 

Fig. 4 is a block diagram showing a structure of a register control 

unit 7. 
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Fig. 5 shows one example of a truth table of a mask signal 
generating unit 7b. 

Fig; 6 is a block diagram showing one example of a logic circuit 
structure of mask signal generating unit 7b that implements the truth table 
shown in Fig. 5. 

Fig. 7 is a timing chart showing timing of control clock pulses and 
mask signals generated by register control unit 7 in Fig. 4. 

Fig. 8 is a partial timing chart shown by extracting an operation for 
writing a received signal sample into a received signal storage register 8-5 
via a logic gate circuit 9-5. 

Fig. 9 is a block diagram showing in detail a structure of a spreading 
code generating unit 13 shown in Fig. 2. 

Fig. 10 is a block diagram showing in detail a structure of a 
correlation value calculating unit 14 shown in Fig. 2. 

Fig. 11 is a block diagram showing a structure of a digital matched 
filter 31 for P-SCH in compliance with the system defined in 3GPP. 

Fig. 12A and 12B are waveform charts showing peak value 
characteristics of a correlation value output from digital matched filter 31 
for P-SCH in Fig. 11. 

Fig. 13 visually shows the effect of reducing power consumption by 
the present invention. 

Fig. 14 is a schematic block diagram showing a basic structure of a 
transmitter and a receiver in a direct sequence spread spectrum 
communication system. 

Fig. 15 is a schematic block diagram showing a conventional initial 
synchronizing circuit for establishing initial synchronism and a control 
circuit for the synchronizing circuit. 

Fig. 16 is a block diagram showing a structure of a transversal filter 
as one example of a digital matched filter 71. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention are now described in detail in 
conjunction with the drawings. It is noted that the same or corresponding 
components in the drawings have the same or like reference characters and 
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description thereof is not repeated here. 

Fig. 1 is a schematic block diagram showing the entire structure of a 
mobile wireless terminal for digital radio communication to which a digital 
matched filter according to the invention is applied. 
5 The mobile wireless terminal shown in Fig. 1 is generally constituted 

of an antenna 1, a radio processing unit 2, a baseband processing unit 3, a 
speech input/output device 4 formed of a microphone and a speaker, an 
external memory 5, and a display/input device 6 formed of an LCD and keys. 

In particular, baseband processing unit 3 includes a modem 3a, a 
10 channel codec 3b, a DSP (digital signal processor) 3c, a CPU 3d, an internal 

if' memory 3e, an external interface 3f, and an internal bus 3g. 

yj- 

SJ A radio wave signal supplied from a base station (not shown) and 

1*1 received by antenna 1 is converted by radio processing unit 2 into a 

yg baseband signal to be supplied to baseband processing unit 3. 

s 15 In baseband processing unit 3, the received signal is demodulated by 

*' modem 3a and further decoded by channel codec 3b to be supplied to DSP 3c. 

DSP 3c performs data processing for the received signal and drives the 
speaker of speech input/output device 4 to convert the received signal into 
pi speech. 

y 20 On the other hand, speech input by means of the microphone of 

"~ speech input/output device 4 undergoes data processing by DSP 3c to be 

supplied to channel codec 3b. Channel codec 3b encodes the supplied 
speech signal and provides the signal to modem 3a, and modem 3a 
modulates the transmission signal thus provided and supplies the 
25 modulated signal to radio processing unit 2. Radio processing unit 2 

performs radio processing on the transmission signal and transmits the 
signal toward the base station (not shown) via antenna 1. 

Modem 3a, channel codec 3b and DSP 3c are connected via internal 
bus 3g to CPU 3d, internal memory 3e and external interface 3f. CPU 3d 
30 controls the entire operation of the mobile wireless terminal in Fig. 1 in 
accordance with a program stored in internal memory 3e. External 
interface 3f functions as an interface with external memory 5 and 
display/input device 6. 
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First Embodiment 

Fig. 2 is a schematic block diagram showing a digital matched filter 
according to the first embodiment of the invention that is applied to the 
mobile wireless terminal shown in Fig. 1. It is noted that despreading unit 
5 66 (and initial synchronizing circuit 70 therein shown in Fig. 15) and 

demodulating unit 67 of receiver 65 shown in Fig. 14 generally constitute a 
reception-related modem unit (not shown) within modem 3a of baseband 
processing unit 3 in the mobile wireless terminal shown in Fig. 1. The 
digital matched filter (included in initial synchronizing circuit 70 in Fig. 15) 
10 of the embodiment shown in Fig. 2 is also included in the reception -related 
modem unit. 

Referring to Fig. 2, digital matched filter 11 according to the first 
embodiment of the invention includes a received signal holding unit 12, a 
spreading code generating unit 13, and a correlation value calculating unit 
S 15 14. 

T According to the first embodiment discussed below, the number of 

H bits resultant from quantization of a received signal is three (each sample of 

a received signal is formed of three bits), the spreading code length (the 
£n number of chips in one frame of spreading codes) is four, the oversampling 

J2 20 number for a received signal is two, and accordingly direct sequence spread 
spectrum communication is implemented. 

Received signal holding unit 12 successively holds eight (8) samples 
(8 = 4 (spreading code length) x 2 (oversampling number)), the samples 
input in time-series manner constituting a received signal sequence. 
25 Received signal holding unit 12 then outputs those samples as samples R0 - 
R7 (tap outputs) in parallel that are provided to correlation value 
calculating unit 14. 

Spreading code generating unit 13 generates a known spreading 
code sequence and outputs it as four spreading codes CO - C3 (tap 
30 coefficients) in parallel, the number of spreading codes (four) corresponding 
to the predetermined spreading code length. The output spreading codes 
are supplied to correlation value calculating unit 14. 

Correlation value calculating unit 14 performs a product-sum 
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operation for received signal samples RO - R7 and spreading codes CO - C3 to 
calculate a correlation value to be output. 

Fig. 3 is a block diagram showing in detail a structure of received 
signal holding unit 12. Referring to Fig. 3, received signal holding unit 12 
5 includes a register control unit 7, eight received signal storage registers 8-0 
to 8-7 for holding eight (8) samples respectively (8 = 4 (spreading code 
length) x 2 (oversampling number)), and logic gate circuits 9-0 to 9-7. 

Received signal storage registers 8-0 to 8-7 are each formed of three 
memory elements for respectively holding data of three bits (most significant 
10 bit "MSB", second order bit "2", least significant bit "LSB") constituting each 
sample. 

At preceding stages of respective received signal storage registers 8- 
0 to 8-7, corresponding logic gate circuits 9-0 to 9-7 are provided. Each of 
logic gate circuits 9-0 to 9-7 is constituted of three gate logic elements 

15 corresponding to data of three bits forming each sample. The three gate 
logic elements have respective one inputs receiving corresponding three-bit 
data forming each sample of a received signal input in time-series manner. 

Register control unit 7 receives from the outside clock pulses at a 
rate corresponding to the sampling rate of the received signal samples to 

20 generate mask signals MSK0 to MSK7 discussed below, and the three gate 
logic elements constituting each of logic gate circuits 9-0 to 9-7 have 
respective other inputs to which a corresponding mask signal is commonly 
provided. 

Respective outputs from the three gate logic elements of each of logic 
25 gate circuits 9-0 to 9-7 are provided to respective inputs of the three memory 
elements forming a corresponding received signal storage register. 

Register control unit 7 receives the clock pulses at the sampling rate 
mentioned above to generate control clock pulses CLK0 to CLK7 described 
below, and supplies the generated clock pulses to respective control inputs of 
30 three memory elements constituting each of received signal storage registers 
8-0 to 8-7. 

Received signal samples R0 to R7 each of three bits supplied from 
received signal storage registers 8-0 to 8-7 respectively are thus derived in 
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parallel as tap outputs. 

Received signal samples input in time-series manner are written 
into eight received signal storage registers 8-0 to 8-7 cyclically at a 
predetermined timing. Such a writing operation for the received signal 
5 storage registers is described in detail now below. 

Fig. 4 is a block diagram showing a structure of register control unit 
7 for controlling the writing operation for received signal storage registers 
8-0 to 8-7. Referring to Fig. 4, register control unit 7 includes a control 
clock generating unit 7a and a mask signal generating unit 7b. 
10 Control clock generating unit 7a includes an octal counter 7c and 

y cascaded seven delay elements 11-1 to 11-7. Octal counter 7c generates 

S| control clock pulse CLKO by frequency division by eight of the clock pulse at 

^ the sampling rate of the received signal mentioned above. This control 

^ clock pulse CLKO is directly output and also delayed by one sample period in 

15 each of delay elements 1 1-1 to 1 1-7 and resultant control clock pulses CLK1 
J to CLK7 are output accordingly. 

M* These control clock pulses CLKO to CLK7 thus generated are 

L;J supplied to received signal storage registers 8-0 to 8-7 in Fig. 3 respectively, 

01 and each control clock pulse is commonly provided to respective control 

y 20 inputs of three memory elements forming a corresponding received signal 
" storage register. 

It is noted that control clock pulses CLK4 to CLK7 may be 
substituted with inverted signals of CLKO to CLK3. In this case, delay 
elements 11-4 to 11-7 can be removed as indicated by the enclosure of dotted 
25 line. 

Mask signal generating unit 7b generates mask signals MSK0 to 
MSK7 based on a predetermined truth table according to control clock 
pulses CLKO to CLK3 generated by control clock generating unit 7a. 

Fig. 5 shows one example of the truth table of such a mask signal 
30 generating unit 7b. Fig. 6 is a block diagram showing one example of the 
logic circuit structure of mask signal generating unit 7b that implements the 
truth table shown in Fig. 5. In this example, delay elements 11-4 to 11-7 
are not employed as mentioned above. 
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Referring to Fig. 5, logical states of control clock pulses CLKO to 
CLK3 as input signals are indicated by "H" (high level) and "L" (low level). 
On the other hand, logical states of mask signals MSKO to MSK7 as output 
signals are indicated by logical values " 1" and "0." 
5 For example, mask signal MSK5 takes logical value "1" for (5), (7), 

(13) and (15) in the truth table in Fig. 5, namely when control clock pulse 
CLKO is "L" and CLK2 is "H, M and takes logical value "0" for others namely 
when control clock pulse CLKO is "H" and CLK2 is "L." 

Mask signals MSKO to MSK7 thus generated are provided 
10 respectively to logic gate circuits 9-0 to 9-7 in Fig. 3 and each mask signal is 
y commonly provided to other inputs of respective three gate logic elements 

v| constituting a corresponding logic gate circuit. 

HF Fig. 7 is a timing chart showing the timing of control clock pulses 

*q CLKO to CLK3 and mask signals MSKO to MSK7 generated by register 

S 15 control unit 7 in Fig. 4. 

Referring to Fig. 7, according the clock pulse at the sampling rate as 
H shown at the uppermost stage, the count value of octal counter 7c is 

Lj* repeatedly counted up. Control clock pulse CLKO is generated as a 

*jj frequency-division clock pulse that rises to the high level at the third bit and 

g 20 maintains the high level for four sample clock periods. 

" This clock pulse CLKO at the high level is delayed by delay elements 

11-1 to 11-3 each by one sample clock period to generate control clock pulses 
CLKltoCLK3. 

Each received signal storage register receiving such a high level 
25 control clock pulse at respective control inputs of three memory elements is 
activated at the rising edge timing of the clock to hold a three-bit received 
signal sample applied at this timing. 

Referring again to Fig. 7, according to control clock pulses CLKO to 
CLK3, mask signals MSKO to MSK7 are generated that rise to the high level 
30 at the timing shifted by one sample clock period and maintain the high level 
for two sample clock periods. 

Each logic gate circuit receiving such a high level mask signal at 
respective other inputs of three gate logic elements is activated for the high 
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level period, and passes three bits of a received signal sample supplied to the 
respective "one inputs" of the three gate logic elements during the active 
state, to respective inputs of three memory element of a corresponding signal 
storage register at the subsequent stage. Otherwise each logic gate circuit 
5 is inactivated with a corresponding mask signal fixed at the low level, so 
that input of the three-bit received signal sample to the received signal 
storage register at the subsequent stage is masked. 

Fig. 8 is a partial timing chart showing just an operation of writing a 
received signal sample to received signal storage register 8-5 via logic gate 
10 circuit 9-5. The entire timing chart is as shown in Fig. 7. 
2 Referring to Fig. 8, control clock pulse CLK5 supplied to received 

SI signal storage register 8-5 is produced by inverting control clock pulse CLK1 

by an inverter (not shown) as mentioned above. 
y3 Logic gate circuit 9-5 is constituted of three gate logic elements that 

j^j 15 are AND gates, selector circuits and the like. The gate circuit is opened 
only for the period in which corresponding mask signal MSK5 maintains 
logical value "1" to transmit a three-bit received signal sample to the 
fjl received signal storage register 8-5 at the following stage, 

fin Received signal storage register 8-5 takes in and stores the three-bit 

5 20 received signal sample at the rising edge timing of corresponding control 
clock pulse CLK5. In other words, register contents are updated at this 
timing. 

In the example of Fig. 8, for two sample clock periods preceding and 
following the rewrite (update) timing of the received signal sample held by 
25 received signal storage register 8-5 (the rising edge timing of corresponding 
control clock pulse CLK5), corresponding logic gate circuit 9-5 at the 
preceding stage is opened. Received signal samples D7 - D9, D15 - D17 and 
D23 - D25 are accordingly passed. 

At respective rising edges of control clock pulse CLK5, received 
30 signal samples D8, D16 and D24 are stored successively in received signal 

storage register 8-5 and the register contents are updated. At any arbitrary 
timing, a received signal sample (D8, D16 or D24) stored at this time in 
received signal storage register 8-5 is output as a tap output R5 to 
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correlation value calculating unit 14 in Fig. 2. 

Other received signal storage registers 8-0 to 8-4, 8-6 and 8-7 operate 
in similar manner to received signal storage register 8-5 described above. 
In this way, control by register control unit 7 allows samples of a 
5 received signal sequence supplied in time-series manner to be written 
cyclically at a predetermined timing into eight received signal storage 
registers 8-0 to 8-7 via corresponding eight logic gate circuits. At any 
timing except for this timing, writing of received signal samples to each 
received signal storage register is masked. 

10 Consequently, unnecessary input of a received signal sample into a 

received signal storage register that is not at an original write timing is 
avoided, and thus that received signal storage register consumes no power. 

It is noted that the load capacitance of each logic gate circuit is 
desirably smaller than that of each received signal storage register. Each 

15 logic gate circuit substitutes for the corresponding received signal storage 
register to receive unnecessary input signals. If the logic gate circuit has 
its load capacitance smaller than that of the storage register, the logic gate 
circuit consumes less power than the received signal storage register when 
the unnecessary signals are input, providing reduction of power 

20 consumption as a whole. 

Fig. 9 is a block diagram showing in detail the structure of spreading 
code generating unit 13 in Fig. 2. Referring to Fig. 9, spreading code 
generating unit 13 includes a spreading code generator 13a, a control unit 
13b, a first coefficient register 13c and a second coefficient register 13d. 

25 Spreading code generator 13a generates a known spreading code 

sequence based on a predetermined generating polynomial and supplies the 
generated sequence to the first coefficient register 13c. The first coefficient 
register 13c is a right shift register to successively store the generated 
spreading code sequence. The second coefficient register 13d is a left shift 

30 register of cyclic type. 

Control unit 13b counts the number of chips of spreading codes 
generated by spreading code generator 13a. When control unit 13b 
determines that the count value reaches a spreading code length (the 
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number of chips of one frame), it generates a control signal and supplies the 
signal to coefficient registers 13c and 13 d. 

For example, if the number of chips of spreading codes generated by 
spreading code generator 13a is less than the spreading code length, control 
5 unit 13b outputs control signal "0 M to maintain the first coefficient register 
13c in the active state and disable the second coefficient register 13d. 

If the number of chips of spreading codes generated by spreading 
code generator 13a attains the spreading code length, control unit 13b 
outputs control signal "1" to disable the first coefficient register 13c and 
10 activate the second coefficient register 13d. Accordingly the contents of 
^ coefficient register 13c are written into coefficient register 13d and the 

SI contents of coefficient register 13d are supplied as tap coefficients CO to C3 

^ for despreading to correlation value calculating unit in Fig. 2. 

yrj Fig. 10 is a block diagram showing in detail the structure of 

jg 15 correlation value calculating unit 14 in Fig. 2. Referring to Fig. 10, 
~ correlation value calculating unit 14 includes a first correlation value 

h 8, calculating circuit 14a, a second correlation value calculating circuit 14b, 

^ and an output control unit 20. 

T) The first correlation value calculating circuit 14a calculates a 

~ H 20 correlation value between even-numbered received signal samples (tap 
" outputs) R0, R2, R4 and R6 supplied in parallel from received signal holding 

unit 12 and spreading codes (tap coefficients) CO, Cl, C2 and C3 of one 
frame supplied in parallel from spreading code generating unit 13. The 
second correlation value calculating circuit 14b calculates a correlation 
25 value between odd-numbered received signal samples (tap outputs) Rl, R3, 
R5 and R7 supplied in parallel from received signal holding unit 12 and 
spreading codes (tap coefficients) CO, Cl, C2 and C3 of one frame supplied in 
parallel from spreading code generating unit 13. 

Here, tap coefficients CO to C3 each are actually a signal of one bit 
30 that is "0" or " 1." However, in the correlation value calculation discussed 
below, "0" is replaced with +1 and "1" is replaced with -1 to be supplied to 
correlation value calculating circuits 14a and 14b. 

The first correlation value calculating circuit 14a includes a first 
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product-sum calculating unit 16a, a threshold decision unit 17a, a switch 
18a, a second product-sum calculating unit 19a and an adder 25a. 

In the first product-sum calculating unit 16a, tap outputs RO and R2 
are multiplied respectively by tap coefficients CO and Cl by multipliers 
5 21a-l and 21a-2 and resultant values are added by an adder 22a. In other 
words, the first product-sum calculating unit 16a outputs the correlation 
value between tap outputs RO, R2 and tap coefficients CO, Cl. 

The correlation value is compared with a predetermined threshold 
value Th in threshold decision unit 17a. If the correlation value is equal to 
10 or greater than threshold value Th, threshold decision unit 17a controls 
switch 18a such that the movable contact of switch 18a turns to a fixed 
contact side b. 

In this way, tap coefficients C2 and C3 are supplied to the second 
product-sum calculating unit 19a via switch 18a to be multiplied 
15 respectively by tap outputs R4 and R6 by multipliers 23a-l and 23a-2. 

Resultant values are added by an adder 24a. The second product-sum 
calculating unit 19a thus outputs the correlation value between tap outputs 
R4, R6 and tap coefficients C2, C3. 

The correlation values respectively calculated by the first and second 
20 product-sum calculating units 16a and 19a are added by adder 25a and the 
sum is supplied as a correlation value output of the first correlation value 
calculating circuit 14a to output control unit 20. 

If the correlation value output from the first product-sum calculating 
unit 16a is smaller than predetermined threshold Th, threshold decision 
25 unit 17a controls switch 18a such that the movable contact of switch 18a 
turns to a fixed contact side a. 

Value 0 is thus supplied via switch 18a to the second product-sum 
calculating unit 19a as tap coefficients C2 and C3 to be multiplied by tap 
outputs R4 and R6 by multipliers 23a- 1 and 23a-2 respectively. 
30 Consequently, respective results are both 0 to be input to adder 24a. Adder 
24a then stops its adding operation. 

The second correlation value calculating circuit 14b includes a first 
product-sum calculating unit 16b, a threshold decision unit 17b, a switch 
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18b, a second product-sum calculating unit 19b, and an adder 25b. 

In the first product-sum calculating unit 16b, tap outputs Rl and R3 
are multiplied respectively by tap coefficients CO and Cl by multipliers 
21b-l and 21b-2, and respective results are added by an adder 22b. In 
5 other words, the correlation value between tap outputs Rl, R3 and tap 

coefficients CO, Cl is output from the first product-sum calculating unit 16b. 

This correlation value is compared with predetermined threshold 
value Th by threshold decision unit 17b. If the correlation value is equal to 
or greater than threshold value Th, threshold decision unit 17b controls 
^ 10 switch 18b such that the movable contact of switch 18b turns to a fixed 
.1? contact side d. 

H Tap coefficients C2 and C3 are thus supplied via switch 18b to the 

Jj second product-sum calculating unit 19b to be multiplied respectively by tap 

yS outputs R5 and R7 by multipliers 23b- 1 and 23b-2. Respective results are 

Jjj 15 then added by an adder 24b. In other words, the correlation value between 
J tap outputs R5, R7 and tap coefficients C2, C3 is output from the second 

& product-sum calculating unit 19b. 

The correlation value determined by the first product-sum 
EH calculating unit 16b and that determined by the second product-sum 

^ 20 calculating unit 19b are added by adder 25b to be output as a correlation 

value output of the second correlation value calculating circuit 14b to output 

control unit 20. 

If the correlation value output of the first product-sum calculating 
unit 16b is smaller than predetermined threshold Th, threshold decision 
25 unit 17b controls switch 18b such that the movable contact of switch 18b 
turns to a fixed contact side c. 

Value 0 is then supplied via switch 18b to the second product -sum 
calculating unit 19b as tap coefficients C2 and C3 to be multiplied 
respectively by tap outputs R5 and R7 by multipliers 23b-l and 23b-2. 
30 Respective results are both 0 to be input to adder 24b. Accordingly, adder 
24b stops its adding operation. 

Output control unit 20 alternately selects the correlation value 
output from the first correlation value calculating circuit 14a and that from 
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the second correlation value calculating circuit 14b at the sampling rate and 
outputs the selected values successively. 

In correlation value calculating unit 14 according to the embodiment 
of the invention shown in Fig. 10, the first and second correlation value 
5 calculating circuits 14a and 14b are divided respectively into the first 

product-sum calculating units 16a and 16b at the anterior stage and the 
second product-sum calculating units 19a and 19b at the posterior stage. 
In this structure, only when the partial correlation value between the tap 
outputs and the tap coefficients that is determined by the first product-sum 

10 calculating unit at the anterior stage is greater than a predetermined 
threshold and thus there is a high possibility that the entire correlation 
value indicates a peak value, the second product -sum calculating unit at the 
posterior stage is operated to determine the entire correlation value. 
The correlation value between received signal samples and 

15 spreading codes of one frame just momentarily attains the peak value in 

each frame period. At most of other instants, correlation value calculation 
does not need to continue to the end. According to the present invention, 
the operation of the product-sum calculating unit at the posterior stage is 
stopped in the period in which the correlation value is not likely to have the 

20 peak value and thus unnecessary power consumption is prevented. 

Further, in correlation value calculating unit 14 according to the 
embodiment of the invention shown in Fig. 10, eight tap outputs R0 to R7 
are divided into a first group consisting of even number taps R0, R2, R4 and 
R6 and a second group consisting of odd number taps Rl, R3, R5 and R7 and 

25 the first and second correlation value calculating circuits 14a and 14b are 
provided respectively corresponding thereto. 

For example, in digital matched filter 1 1 shown in Fig. 2, in order to 
perform by a single correlation value calculating circuit the product-sum 
operations speedily (at the oversampling rate) for tap outputs R0 to R7 

30 supplied in parallel from received signal holding unit 12 and tap coefficients 
CO to C3 supplied in parallel from spreading code generating unit 13 and 
accordingly calculate a correlation value, a complicated switch circuit is 
required for combining the eight tap outputs and four tap coefficients, 
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resulting in a complicated circuit structure of correlation value calculating 
unit 14. In addition, correlation value calculating unit 14 itself consumes 
an increased power due to the high-speed operation at the sampling rate. 

In the embodiment shown in Fig. 10, a plurality of correlation value 
5 calculating circuits are provided corresponding to respective groups of tap 

outputs. Correlation values output respectively from respective circuits are 
alternately selected at the sampling rate to be output successively. A 
correlation value is thus produced and output from correlation value 
calculating unit 14. Therefore, no complex switch circuit is necessary at 

_ 10 the preceding stage of the correlation value calculating unit. In addition, 

o 

-a each correlation value calculating circuit operates at a low operating 

^ frequency (half the sampling rate in the example of Fig. 10). Therefore, 

?E reduction is possible of power consumption in each correlation value 

y3 calculating circuit. 

^15 In the 3rd Generation Partnership Project (3GPP), standardization 

» is now in progress of CDMA system of wide band (Wide-Band Code Division 

Multiple Access) that is the next-generation mobile communication system, 
ry Fig. 11 is a block diagram showing a structure of a digital matched 

SH. filter 31 for a downlink synchronization channel (P-SCH: Primary 

bf 20 Synchronization Channel) in compliance with a system specified in the 
^ 3GPP. 

Digital matched filter 1 1 in the embodiment shown in Fig. 2 is 
illustrated for easy understanding of description as the one that calculates a 
correlation value for a received signal in one system on the condition that it 
25 is used in initial synchronizing circuit 70 in Fig 15. 

On the other hand, according to the example shown in Fig. 11, in a 
despreading unit (66 in Fig. 14) of a receiver, a received signal of the P-SCH 
is divided into two systems as I phase (in phase components) and Q phase 
(orthogonal components) and digital matched filters according to the 
30 invention shown in Fig. 2 are employed for the two systems respectively. 

Specifically, a digital matched filter (I-DMF) 31a is provided for 
calculating a correlation value between the I phase components of the 
received signal of the P-SCH and spreading codes and a digital matched 
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filter (Q-DMF) 31b is provided for calculating a correlation value between 
the Q phase components of the received signal of the P-SCH and spreading 
codes. 

Each of digital matched filters 31a and 31b is constituted of digital 
5 matched filter 1 1 according to the embodiment of the invention shown in 

Figs. 2 - 10. One input of a power adder 31c receives the correlation value 
between the I phase components of the received signal and spreading codes 
that is calculated by digital matched filter 31a. The other input of power 
adder 31c receives the correlation value between the Q phase components of 

10 the received signal and spreading codes that is calculated by digital matched 
filter 31b. Power adder 31c integrates respective correlation values of the I 
phase components and Q phase components and outputs a resultant value. 

Figs. 12A and 12B are waveform charts corresponding to one symbol 
period of a received signal indicating the peak value of an output correlation 

15 value supplied from the cyclic integration unit (Fig. 15) connected at the 

subsequent stage of digital matched filter 31 for the P-SCH shown in Fig. 11. 

Fig. 12A is a waveform chart for a high signal to noise ratio (SNR) 
and Fig. 12B is the one for a low SNR. As shown in Fig. 12A, favorable 
peak characteristics of the correlation value are achieved when the SNR is 

20 high. On the other hand, as shown in Fig. 12B, a lower SNR invites 

influence of noise on respective outputs of digital matched filters 31a and 
31b, however, the influence of noise components is reduced by addition 
(averaging) by cyclic integration unit 72 (Fig. 15) and thus relatively 
favorable correlation value peak characteristics can be accomplished as 

25 output of digital matched filter 31. 

Fig. 13 is a graph visually showing the effect or reducing power 
consumption according to the invention. The leftmost bar graph represents 
power consumption of the conventional digital matched filter employing the 
shift register for signal storage as shown in Fig. 16. The consumed power is 

30 here set at 100 %. 

The central bar graph in Fig. 13 shows that power consumption by 
the register unit is remarkably reduced as implemented by the embodiment 
in Fig. 3 by employing parallel registers instead of the shift register for 
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storing received signals, and masking, at the logic gate circuit, input to each 
register. Further, unless the correlation value determined at the anterior 
stage of the correlation value calculating unit exceeds threshold Th = a, the 
posterior stage is prevented from constantly operating and thus 
consumption power of the correlation value calculating unit is reduced. 

The rightmost bar graph in Fig. 13 shows power consumption when 
threshold Th is doubled to 2a. In this case, any unnecessary operation of 
the correlation value calculating unit at the posterior stage is more severely 
eliminated so that reduction in power consumption is more remarkable in 
the correlation value calculating unit. 

As heretofore discussed, according to the present invention, partial 
product-sum operation for received signals and spreading codes is performed 
to determine the possibility that the correlation value has the peak value. 
Only when the possibility is ensured, all product-sum operations are 
conducted for calculating the correlation value. Otherwise, product-sum 
operation is just partially performed. A significant reduction in power 
consumption is thus achieved in the product-sum calculating circuits for 
correlation value calculation. 

Further, according to the invention, received signal storage registers 
are provided in parallel for received signals. Inputs to registers except for 
registers at the original write timing are masked. Power consumption due 
to unnecessary signal input to received signal storage registers not at the 
write timing can thus be prevented. 

In addition, according to the invention, a plurality of product -sum 
calculating circuits for correlation value calculation are provided in parallel 
corresponding to a plurality of groups of received signal samples. The 
operating frequency of each product-sum calculating circuit can thus be 
lowered and reduction is possible of power consumed for calculating the 
correlation value. 

Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms of the appended 
claims. 
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